The complete sequence information of the alpha tubulin (tub) genes was obtained from 19 both Haematococcus pluvialis NIES144 and SCCAP K0084. , Putative transcriptional 20 elements and polyadenylation signals were identified respectively in their 5' and 3' 21 flanking regions. Three selection cassettes of tub/aadA, tub/hyr and tub/ble with 3 22 different antibiotic-resistant genes fused between the 5' and 3' flanking sequences of the 23 tub gene were constructed and utilized for biolistic transformation of H.pluvialis. 24 Antibiotic resistant transformants were obtained in the bombardments with the tub/aadA 25 cassette in 2 strains. It was found that, the foreign tub/aadA DNA could be completely 26 transferred and inherited in their genome through non-homologous recombination. 27 Moreover, transcripts of the insert and spectinomycin resistance were identified. 28 Transformation efficiencies up to 3×10 -5 per μg DNA could be obtained in H.pluvialis 29 NIES144 or SCCAP K0084 through utilization of a culture with a high percentage of 30 flagellate cells and by optimizing bombarding protocol. The presented selection marker 31 and optimized transforming procedures in this report should strengthen the platform 32 technology for genetical manipulation and modification of H.pluvialis. 33 34 35 36 37 38 39 3 40 41 Astaxanthin (3, 3'-dihydroxy-ß-carotene-4, 4'-dione) is the strongest antioxidant in the 42 nature, and has been widely used as an additive in health care products and cosmetics [1]. 43 Haematococcus pluvialis has attracted great attention as its richest biological source. 44 Currently, H.pluvialis cultivation has been commercialized to produce astaxanthin 45 powder, which can be utilized as feedstocks or as additives in aquacultural, 46 pharmaceutical and nutraceutical products [2]. H.pluvialis has been considered as an 47 organism for the production of recombinant pharmaceutical proteins[3]. 48 Researches on H.pluvialis have taken place over several decades, mostly focused on 49 cell differentiation [4], astaxanthin metabolism[5], cultivation methods [6] and 50 astaxanthin extraction technology[7]. Continuous efforts were made to improve its 51 cellular growth and the level of astaxanthin accumulation through traditional mutagenesis 52 of H.pluvialis [8]; however there are no reports of phenotypic modification through 53 genetic engineering methods. To date, only 4 researchers have reported stable genetic 54 transformation of H.pluvialis. Steinbrenner & Gerhard Sandmann in 2006 [9] 55 transformed H.pluvialis with a mutated phytoene desaturase (pds) gene conferring 56 resistance to norflurazon, using a biolistic method. Sharon-Gojman et al. in 2015[10] 57 optimized this vector system by shortening the promoter sequence from 2000 base pairs 58 (bp) to 1000 bp. And an agrobacterium-mediated method using a plant-general plasmid 59 pCAMBIA1301 could transform H.pluvialis, with a foreign hptII gene been identified in 60 the transformants [11]. Successful chloroplast transformation was also achieved through 61 biolistic bombardment of H.pluvialis using a plasmid pHuplus, which possessed the aadA, 62 an aminoglycoside-3'-adenylyltransferase that provides resistance to streptomycin and 4 63 spectinomycin, driven by an endogenous large subunit of ribulose bisphosphate 64 carboxylase (rbcL) promoter and terminator [12]. However, compared with the model 65 algae species Chlamydomonas reinhardii, reports of high-efficient genetic transforming 66 and expression systems are still scarce, which has limited their application to the directed 67 genetic modification in H.pluvialis. 68 In order to construct more efficient screening markers for transformation of 69 H.pluvialis, the endogenous 5' and 3' flanking sequences of the alpha tubulin gene were 70 cloned and 3 antibiotic-resistant genes were each independently fused between them. The 71 resulting fusion cassettes were used to biolistically transform of H.pluvialis. The 72 transforming efficiency, the influencing factors, the integration and expression of the 73 introduced DNA fragment were investigated and discussed. 74 Materials and Methods 75 Strains and cultivation 76 H.pluvialis NIES144 and SCCAP K0084 were purchased from the Microbial Culture 77 Collection at the National Institute for Environmental Studies and the Scandinavian 78 Culture Collection of Algae and Protozoa, respectively. Both strains were maintained in 79 BG11 medium at 25 ℃ with continuous illumination of about 25-30 μmol m -2 s -1 . 80 Basic Polymerase chain reaction (PCR) cloning and analysis 81 The regular PCR was performed as follows: a 10 min initial denaturation step at 95 ℃, 82 followed by 30 cycles of denaturation for 30s at 95 ℃, annealing 30s at 57 ℃, extension 83 1min per kilo bp sequence length at 72 ℃ , and a final 10 min extension step at 72 ℃. 84 The TransTaq DNA polymerase High Fidelity (HIFI) kit (TransGene Biotech, Beijing, 5 85 China) and 2× PCR BestaqTM MasterMix (Applied Biological Materials Inc. Vancouver, 86 Canada) were utilized for DNA cloning and PCR analysis, respectively. The sequence 87 information of the primers was provided in Table 1. The pEASY-T1 Cloning Kit 88 (TransGene Biotech, Beijing, China) was utilized for TA cloning of the target sequence. 89 102
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PlantZol reagent. Then, the suspension was grounded with an electric grinder (G506001, 95 Sangon Biotech, Shanghai) on ice and incubated at 55 ℃ for 15 min. After extraction 96 with 1 vol of isopyknic phenol:chloroform:isoamyl alcohol (25:24:1), the genomic DNA 97 was precipitated from the supernatant with 1 vol isopropyl alcohol. The genomic DNA 98 precipitate was dissolved with distilled water at 55 ℃ after washing with 70% alcohol 99 and was stored in -20 ℃ for next use. 100 Extraction of total RNA and cDNA synthesis 101 Total RNA of H.pluvialis was extracted using a RNAiso Plus kit (TaKaRa Bio Inc., shown in Fig. 1 .B. The aadA was obtained from the plasmid pHuplus [12] , the hptII 142 from the plasmid pCAMBIA1305 (Cambia, Australia) and the sh ble gene from the 143 plasmid pPha-T1 [15]; these genes conferred resistance to spectinomycin, hygromycin 144 and zeomycin. Taking the construction of the tub/aadA cassette as an example, 3 target 145 fragments of Ptub, aadA and Ttub were obtained by regular PCR with the primer pairs of 146 tub-f1/Ptub(aadA)-r1, aadA-f2/aadA-r2 and Ttub(aadA)-f1/tubr3, respectively. The 147 products were purified by agarose gel electrophoresis using a Agarose Gel DNA 148 Extraction Kit (TaKaRa Bio Inc., Kusatsu, Japan). The 3 purified DNA fragements in 149 equal amounts (200-800 ng) were mixed with pfu DNA polymerase and dNTPs in a 50 150 μL PCR reaction system. This mixture underwent with a PCR fusion procedure as 151 follows: a 10 min initial denaturation step at 95 ℃, followed by 13 cycles of denaturation 152 for 30s at 95 ℃, annealing 30s at ℃ , extension 1min per kilo bp sequence length at 72 153 ℃, and a final 10 min extension step at ℃ . The final mixture was utilized as a template 154 for PCR amplification of the target tub/aadA fragment with the primer pair of tub-f0/tub-155 r0. The resulting fusion fragments were cloned into the plasmid pEASY-T1 by TA 
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Similarity of the alpha tubulin (tub) gene and its flanking
